Nine different brands of membrane filter were compared in the membrane filtration (MF) method, and those with the highest yields were compared against the most-probable-number (MPN) multiple-tube method for total coliform enumeration in simulated sewage-contaminated tap water. The water was chlorinated for 30 min to subject the organisms to stresses similar to those encountered during treatment and distribution of drinking water. Significant differences were observed among membranes in four of the six experiments, with two-to fourtimes-higher recoveries between the membranes at each extreme of recovery. When results from the membranes with the highest total coliform recovery rate were compared with the MPN results, the MF results were found significantly higher in one experiment and equivalent to the MPN results in the other five experiments. A comparison was made of the species enumerated by these methods; in general the two methods enumerated a similar spectrum of organisms, with some indication that the MF method was subject to greater interference by Aeromonas.
Although total coliform bacteria are of limited value as indicators of pollution in recreational and raw drinking water (9, 16) , they are still the primary indicators of drinking water quality in the United States (36) and Canada (15) . Because the coliform bacteria as a group are excreted in large numbers in feces and are relatively resistant to environmental stress, they are a sensitive indicator ofdrinking water quality (12, 36) . Their relative abundance in many source waters and susceptibility to water treatment techniques makes them also well suited to monitor treatment adequacy; normally the presence of single coliform colonies per 100-ml sample of finished drinking water warrants resampling at that site (15) . Higher levels and more frequent coliform contamination will initiate more intensive examination of the problem and may require that the public be notified to boil water before consuming it. At present both the most-probablenumber (MPN) multiple-tube fermentation method and the membrane filtration (MF) method for total coliform enumeration are permitted (1, 15, 36) . Several studies have demonstrated the comparability of the MF method with the MPN method in unchlorinated and natural waters (6, 7, 18, 20, 22) , whereas others have shown that chlorine-stressed coliforms are not as efficiently enumerated with the MF method as with the MPN method (6, 14, 18, 20, 22, 26) . Geldreich et al. (13) recovered only 25% of the total coliforms by the MF method as compared with the MPN method when studying water in dead-end pipes in a distribution system. Bissonnette et al. (3) recovered three times as many total coliforms by means of MPN as by means of MF counts. Recently the question of comparability of the two methods for chlorinated drinking waters has again been raised, especially in relation to the variation in bacterial counts from different brands of membrane filters (12) . Differences among membrane filters in the fecal coliform test have been well documented (4, 8, 11, 21, 28, 30, 31, 35) and have led to the development of new, asymmetric membranes; fewer reports have shown differences among brands of membranes in the total coliform test (4, 21, 28) .
The present study was designed to determine whether there are significant differences among membrane filters in their ability to enumerate chlorine-stressed coliforms in sewage-contami- In comparisons with the MPN method, the fivetube, three-dilution method with 10-ml portions was used (1) . Lauryl tryptose broth (Difco Laboratories) was used for the presumptive test, and all positive tubes were confirmed in brilliant green bile broth (Difco). Membranes tested. The following 47-mm, 0.45-um retention (except Millipore HC, which has a 0.7-rum retention) membrane filters were tested: Oxoid Nuflow (N47/45), lot 3149, ethylene oxide sterilized by manufacturer; Sartorius (11406), lot 678, autoclave sterilized in the laboratory; Millipore HC (HCWG 047 S3), lot C8C44583C, ethylene oxide sterilized by manufacturer; Millipore HA-S (HA-special for water microbiology) (HAWG 047 00), lot CTM094138A, autoclave sterilized in the laboratory; Millipore HA (HAWG 047 00), lot C7M18065B, autoclave sterilized in the laboratory; Johns-Manville GA (M 045 G A47 X), lot 822L459, autoclave sterilized in laboratory; Gelman (GN-6), lot 82143, ethylene oxide sterilized by manufacturer; and Johns-Manville GS (M 045 G S47 C), lot 834F573. All membranes were purchased from regular suppliers, except the Millipore HA-S (our designation), which was provided by Millipore Corp. This membrane is a slightly modified version for water microbiology that has now replaced the standard HA membrane (also tested here).
Identification ofmicroorganisms. Colonies from the MF method were transferred directly to MacConkey agar plates. Lauryl tryptose tubes from the MPN method showing positive fermentation were first subcultured to m-Endo LES plates and then transferred to MacConkey agar plates. Isolates were identified by the Analytical Profile Index (API 20E) system (Analtab Products).
RESULTS
Chlorination of the simulated contaminated tap water samples was performed with the addition of 0.8 mg (by weight) of available chlorine per liter to the sample and using a contact time of 30 min at room temperature. Bacterial devitalization varied somewhat from one experiment to another, but was not correlated with the free available chlorine residual or total available chlorine residual as measured at the end of the 30-min period ( Table 1 ). The bacterial reduction by chlorine for experiments 1 through 6 (in Table 1 NS aAs tabulated in reference 1. ' Arithmetic mean (colonies/100 ml) of five replicates obtained from the MF method, using the JohnsManville GA membrane.
'Maximum and minimum (colonies/100 ml) from five replicates. d Statistical probability that the MPN and MF estimates differ from each other by chance (NS, estimates are not significantly different at P = 0.05). (19, 23) . The sewage-fortified, chlorinated tap water used in this study can be considered to be representative of inadequately treated drinking water or water that has become recontaminated with sewage microorganisms in the distribution system. The presumptive MF counts were found to be equivalent in five of six experiments and superior to the MPN confirmed results in the other experiment. Membrane filter brand-to-brand variability was found to play a significant role in these results; the range of results in the comparative study showed that, in a given experiment, the membranes with best recoveries enumerated from two to four times more coliforms than the membranes with the lowest recoveries. This is a les significant difference than those previously reported for fecal coliform results (35) , probably because of the high temperature stress in the latter during incubation. Nevertheless, the difference may well be worth considering by individual laboratories in their continued efforts in increasing sensitivity of the drinking water analyses. It could, for example, give an increase in sensitivity equivalent to doubling or quadrupling the sample volume.
The differences seen among the membrane filters in their ability to resuscitate total coliforms do not appear to be influenced in a direct manner by the surface pore diameters as are fecal coliform recoveries (30, 35) . The surface pore structure of most of these membrane filter brands has already been examined by Dutka and Tobin (11) ; after analysis of these data, no obvious relationship with total coliform resuscitation was found. They do, however, confirm the marked differences observed in structure between the Johns-Manville GA (autoclave sterilized in the laboratory) and Johns-Manville GS (ethylene oxide sterilized by the manufacturer); these differences may be reflected in the disparate total coliform recoveries by the two membranes.
Some data were obtained that indicated some differences in selectivity of the MF and MPN methods; in particular, the MF method showed greater selectivity for Aeromonas, a major cause of inflated coliform counts. In examining these isolates further, none of them confirmed as coliforms when transferred to lauryl tryptose broth. Clark and Pagel (5) have stated that current methods have not routinely distinguished between Aeromonas and coliform bacteria. This has been considered a drawback in the use of MF results for presumptive total coliform counts in drinking water; however, Grabow and du Preez (14) make an excellent case for retaining Aeromonas with total coliforms in indicating the overall quality of drinking water. They cite the potential pathogenicity and possible transfer of resistance factors from Aeromonas, as well as the ability of adequate water treatment methods to eliminate these organisms, as reasons not to exclude them from enumeration by the cytochrome oxidase test.
Among membrane filter media, the m-Endo LES has been selected on the basis of its superior sensitivity and selectivity (10, 14) . The present study has demonstrated that the MF method gives results equivalent to those given by the MPN method even with chlorine-stressed coliforms. For other applications or types of water, different brands of membrane filters may be experimentally shown, in a manner similar to the present study, to give optimum results. This choice, based on experimental evidence, may help ensure that optimum results are obtained.
